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UNMANNED COAXIAL ROTOR AERIAL
VEHICLE FOR TRANSPORT OF HEAVY
LOADS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to, and the benefit of,

co-pending U.S. Provisional Application Ser. No. 62/691,
033 filed Jun. 28, 2018 titled “UNMANNED COAXIAL

ROTOR AERIAL VEHICLE FOR TRANSPORT OF
HEAVY LOADS” the full disclosure of which 1s hereby
incorporated herein by reference 1n 1ts entirety for all pur-
poses.

BACKGROUND
1. Field of the Invention

The present disclosure relates 1n general to aerial vehicles,
such as unmanned aerial vehicles (UAVs). In particular, the
present disclosure relates to UAVs receiving and transport-
ing heavy external loads.

2. Description of Related Art

Current heavy lift external operations are accomplished
by aging manned conventional helicopters or heavy con-
struction equipment, such as cranes. These methods, while
functional, fail to provide performance 1n heavy lift capacity
due to a number of drawbacks. For example, helicopters
may suller from technical problems, human occupancy, and
various safety factors. Furthermore, helicopters with sus-
pended loads may need to be visible from the cockpit, and
as a result, support lines may have a limited length, which
could lead to damage to structures since helicopters will be
limited by the distance they can fly over various obstacles.
Cranes and other lifting equipment also block roadways,
cause property damage, be diflicult to transport, and have
high costs for seemingly minor operations.

SUMMARY

Applicants recognized the problems noted above herein
and conceived and developed embodiments of systems and
methods, according to the present disclosure, for UAV lifting
systems.

In an embodiment, an unmanned aerial vehicle (UAV) for
transporting items between locations includes a frame and a
propulsion system coupled to the frame, the propulsion
system 1ncluding at least one transmission and at least one
motor. The UAV also includes a load support area of the
frame, the load support area comprising at least one of a
different material than the frame or structural supports.

In another embodiment, a system for transporting an item
from a first location to a second location includes an
unmanned aenal vehicle (UAV). The UAV includes a frame,
a propulsion system coupled to the frame, and a load support
area of the frame, the load support area having at least one
of a different material than the frame or structural supports.
The system also includes a load coupled to the load support
area. The system further includes a load positioning system.
The load positioning system includes a load positioning
controller, associated with the UAV, the load positioning
controller determining a relative position of the load with
respect to at least one of the UAYV, the first location, or the
second location. The load positioning system also includes
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2

a load location device, arranged proximate the load, the load
location device transmitting a signal to the load positioning
controller indicative of a load location. The load positioning
system 1ncludes a placement location device, arranged at the
second location, the placement location device transmitting,
a signal to the load positioning controller indicative of the
second location relative to the UAV.

In an embodiment, a method for transporting an item
between a first location and a second location includes
securing the item to a load support area of an unmanned
aerial vehicle (UAV). The method also includes activating a
load location device, arranged proximate the item. The
method further includes causing the UAV to move to the
second location. The method also includes receiving a
signal, from a placement location device, indicative of the

second location. The method includes positioning the 1tem at
the second location.

BRIEF DESCRIPTION OF DRAWINGS

The present technology will be better understood on
reading the following detailed description of non-limiting
embodiments thereof, and on examining the accompanying
drawings, 1n which:

FIG. 1 1s a schematic representation of an embodiment of
a plurality of transport methods, 1n accordance with embodi-
ments of the present disclosure;

FIG. 2 1s a schematic side view of an embodiment of an
unmanned aerial vehicle (UAV), in accordance with
embodiments of the present disclosure;

FIG. 3 1s a schematic front view of an embodiment of a
UAYV, 1 accordance with embodiments of the present dis-
closure;

FIG. 4 1s a schematic top view of an embodiment of a
UAYV, 1 accordance with embodiments of the present dis-
closure;

FIG. 5 1s a schematic side view of an embodiment of a
portion of a propulsion system of a UAV, 1n accordance with
embodiments of the present disclosure;

FIG. 6 1s a schematic diagram of an embodiment of a
UAYV transmitting a load, in accordance with embodiments
of the present disclosure;

FIG. 7 1s a schematic diagram of an embodiment of a
control environment for a UAV, 1n accordance with embodi-
ments of the present disclosure;

FIG. 8 1s a schematic diagram of an embodiment of a
staging area generated using a UAV, 1n accordance with
embodiments of the present disclosure;

FIG. 9 1s a flow chart of an embodiment of a method for
forming a UAV, 1n accordance with embodiments of the
present disclosure; and

FIG. 10 1s a tlow chart of an embodiment of a method for
controlling a UAYV, 1n accordance with embodiments of the
present disclosure;

DETAILED DESCRIPTION

The foregoing aspects, features, and advantages of the
present disclosure will be further appreciated when consid-
ered with reference to the following description of embodi-
ments and accompanying drawings. In describing the
embodiments of the disclosure 1llustrated in the appended
drawings, specific terminology will be used for the sake of
clarity. However, the disclosure 1s not intended to be limited
to the specific terms used, and 1t 1s to be understood that each
specific term includes equivalents that operate 1n a similar
manner to accomplish a similar purpose.
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When introducing elements of various embodiments of
the present disclosure, the articles “a”, “an”, *“the”, and
“said” are intended to mean that there are one or more of the
elements The terms “comprising”, “including”, and “hav-
ing”” are intended to be inclusive and mean that there may be
additional elements other than the listed elements. Any
examples ol operating parameters and/or environmental

conditions are not exclusive of other parameters/conditions
of the disclosed embodiments. Additionally, it should be
understood that references to “one embodiment”, “an
embodiment”, “certain embodiments”, or “other embodi-
ments” of the present disclosure are not intended to be
interpreted as excluding the existence of additional embodi-
ments that also incorporate the recited features. Further-
more, reference to terms such as “above”, “below”, “upper”,
“lower”, “side”, “front”, “back”, or other terms regarding
orientation or direction are made with reference to the
illustrated embodiments and are not intended to be limiting
or exclude other orientations or directions. Like numbers
may be used to refer to like elements throughout, but it
should be appreciated that using like numbers 1s for conve-
nience and clarity and not intended to limit embodiments of
the present disclosure.

Embodiments of the present disclosure are directed
toward systems and methods for utilizing aerial vehicles,
such as UAVs, for heavy lift operations. In various embodi-
ments, the UAVs may include reinforced frame structures,
which may be separate from structures supporting opera-
tional equipment of the UAVs, as load attachment points.
For example, a frame structure may include reinforcements,
such as gussets, cross-braces, material modifications, and
the like, to function as an anchor point for the attachment of
a load, which may be suspended from the UAV during
operation. In various embodiments, the frame structure may
separate and/or remove the load from the transmission or
motor of the UAV, thereby reducing stresses and also sepa-
rating the load from critical components of the UAV. Fur-
thermore, in embodiments, the load support area may further
include features to facilitate coupling of the load such that
loads may be quickly and eil

iciently coupled to the frame.

In various embodiments, systems and methods may also
be directed toward utilizing a load location device and a
placement location device to direct the loads to a particular
location. For example, the UAVs may include one or more
control systems, which may be referred to as an avionics
component or a tlight computer, that receives a signal from
the placement location device. The placement location

device may be a destination for the load supported by the
UAV. As the UAV 1s directed toward the placement

location
device, the UAV may receive the signal and then navigate
the load toward the placement location device. The load
location device may enable the UAV to effectively determine
a location of the UAV (e.g., a vertical distance higher than
the placement location, an oflset from the placement loca-
tion, etc.) 1 order to navigate toward the placement location
device. In various embodiments, such a system may enable
delivery to remote locations and/or facilitate a staging or
loading area for later transportation via one or more meth-
ods, such as additional UAVs, truck, rail, ship, or the like.

In various embodiments, systems and methods of the
present disclosure may be used to provide heavy lift opera-
tions 1 a variety of different situations. For example,
oflshore platforms, such as those used for oil and gas
exploration, may receive shipments of supplies and equip-
ment utilizing UAVs. As a result, helicopter or shipping
transportation to these locations may be reduced or elimi-
nated. Furthermore, 1n embodiments, UAVs may be utilized
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4

to deliver items to rural locations, where other shipping
methods may have difficulty traveling. For example, moun-
tamnous regions may not have roadways large enough to
support trucks or the like, and as a result, many different
shipments may be utlhzed to provide supplies and equip-
ment. Embodiments of the present disclosure may utilize the
UAVs to provide goods and equipment to these regions.
Furthermore, 1n various embodiments, UAVs may be uti-
lized with construction eflorts 1n high-density areas, such as
cities. During construction of buildings, such as high rises,
cranes and the like may be utilized to lift 1items, such as air
conditioning units and the like, to rooftop locations. These
cranes may lead to road closures and may be cost-prohibi-
tive. UAVs may be utilized to quickly and et

iciently lift the
items upward to rooftop locations without the same draw-
backs as cranes and other lifting devices. Furthermore,
embodiments of the present disclosure may be used for
military operations to provide supplies to soldiers that may
be 1n otherwise maccessible or hostile regions. As a result,
supply lines may be made available to these soldiers. Fur-
thermore, the UAVs may be used to pick up operations, such
as extraction missions, and also drop off operations, such as
deployment. Additionally, in various embodiments, the
UAVs of the present disclosure may be used during disaster
or reliet etl

orts. For example, UAVs may provide supplies
and personnel to tlooded regions where roadways are 1nac-
cessible due to high waters. Additionally, other natural
disasters such as earthquakes, fires, and the like may also
benefit from UAVs of the present disclosure where staging
arecas and supplies may be provided without traditional
inirastructure in place.

It should be appreciated that while various embodiments
of the present disclosure may describe UAVs, that 1n
embodiments, other aerial vehicles may also be utilized.
Moreover, UAVs may include aenal vehicles that are
unmanned but are controlled by human operators. Further-
more, 1n various embodiments, an aerial vehicle that 1is
manned and under human control may be converted nto a
UAYV, 1n certain embodiments, such as by providing control
to the UAV and/or having the human operator leave or
otherwise exit the aerial vehicle.

FIG. 1 1s a schematic plan view of an embodiment of an
environment 100 i which embodiments of the present
disclosure may be practiced. The illustrated environment
100 1ncludes a loading area 102, which may be associated
with a location where 1tems may be prepared for delivery
and/or transport. As will be understood, there are a vaniety
of methods that may be utilized to transport an i1tem 104
from a first location to a second location, such as ships 106,
trucks 108, rail cars 110, and heavy equipment 112, such as
cranes where the location 1s a substantially diflerent vertical
position, as opposed to a different horizontal position. A
transport destination 114 may also vary, for example, such as
rural areas 116, oflshore platiorms 118 or other water-based
locations, and high-density areas 120, such as cities, among
others. As will be appreciated, certain transportation meth-
ods may be preferable to others for various reasons. For
example, rural areas 116 may not be accessible by Shlp 106.
Similarly, trucks 108 are unable to delivery to ofishore
platforms 118. Accordingly, improved transportation meth-
ods are needed to facilitate transportation to a variety of
different locations.

Embodiments of the present disclosure may include
UAVs 122 to deliver the item 104 to various different
transport destinations 114. UAVs 122 do not sufler from the
same drawbacks as other methods, as they can access
essentially any area. Furthermore, UAVs 122 can move
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items over long distances and also diflerent vertical heights.
As a result, the UAVs 122 may combine operations of
various other transportation methods, such as acting as both
a truck 108 and crane 112 at a transport destination 114. As
noted above, helicopters may currently be used to deliver
items to various different locations. However, UAVs 122
offer the benefit of being un-manned, thereby reducing risk
associated with human operators conducting transport
operations. For example, the UAVs 122 may be controlled,
such as from a ground location, semi-autonomous, such as
including partial control by a human operator, or fully
autonomous. Additionally, UAVs 122 may be smaller and
more cost ellective than helicopters.

FIG. 2 15 a side elevational view of an embodiment of a
UAV 200, which may be used with embodiments of the
present disclosure. It should be appreciated that various
features have been removed for clarity with the following
discussion. As described above, the UAV 200 may be
manually controlled, for example by a human operator at a
ground location, semi-autonomous, or fully autonomous. In
various embodiments, the UAV 200 may not carry human
passengers, but rather, cargo and the like. However, in
various embodiments, the UAVs 200 may transport human
passengers. The 1llustrated UAV 200 includes a frame 202.
The frame 202 1ncludes a load support area 204, which may
be used to suspend or otherwise support various features of
the UAV 200, such as a hanging load, other components of
the UAV 200, or a combination thereof. Further illustrated 1s
a transmission mount 206 that couples a transmission 208 to
the frame 202, for example, to the load support arca 204. It
should be appreciated that, in various embodiments, the
transmission mount 206 may not be coupled to the load
support area 204. In other words, the transmission mount
206 may be coupled to the frame 202, but not directly to the
load support areca 204. The transmission 208 receives motive
energy (e.g., operational energy) from one or more 1nput
shafts 210, which may be coupled to motors (not pictured),
to provide rotational energy to a mast 212. It should be
appreciated that while only one transmission 208 1s 1llus-
trated 1n FIG. 2, that there may be one or more transmissions
208 utilized by the UAV. The 1illustrated mast 212 includes
a first section 214 and second section 216. In various
embodiments, rotor blades (not pictured) coupled to the
mast 212 may rotate 1n opposite directions, thereby provid-
ing a coaxial rotor having counter-rotating blades. For
example, the first section 214 may rotate 1n a first direction
218 about an axis 220 while the second section 216 rotates
in a second direction 222 about the axis 220. The illustrated
UAV 200 further includes landing gear 224, which may
include wheels, skids, or the like. The landing gear 224
includes landing supports 226 extending at an angle 228
toward feet 230. In the illustrated embodiment, the landing
gear 224 extends outward from the frame 202 to provide a
sturdy structure for landing and supporting the UAV 200.

As noted above, 1n various embodiments, the frame 202
includes the load support area 204, which may have
improved structural strength or rigidity when compared to
other components of the frame 202. For example, the load
support area 204 may be formed from a different material,
such as a stronger metal, composition materials, combina-
tions of materials, or the like. Additionally, the load support
area 204 may include structure reinforcements, such as cross
bracing, gussets, joints, additional material or layers or
material, and the like. Furthermore, in embodiments, the
load support area 204 may also include one or more biasing
members arranged between the load support area 204 and
the remainder of the frame 202, thereby providing diflerent
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harmonic properties of the load support area 204. As will be
described below, 1n various embodiments, loads coupled to
the load support area 204 may not be directed through or
coupled directly to the transmission 208, which may reduce
stresses or possible misalignment from the transmission 208
to 1improve reliability of the UAV 200. It should be noted
that, because the transmission 208 1s facilitating lifting of the
load, that the transmaission 208 will necessarily be influenced
by the load. However, embodiments of the present disclo-
sure may direct the load and an associated coupling point to
the load support area 204, rather than directly to the trans-
mission 208. Furthermore, loads may be increased due the
use of the load support area 204, which may expand the
operational capabilities of the UAV 200.

FIG. 3 1s a front view of an embodiment of the UAV 200.
Again, various components have been removed for clarity.
The illustrated embodiment includes motors 300 (e.g.,
power devices) for providing motive power to the transmis-
sion 208. While the illustrated embodiment includes a pair
of motors 300, 1t should be appreciated that any number of
motors 300 may be used (e.g., 1 motor, 3 motors, 4 motors,
etc.). Furthermore, in embodiments, the motors 300 may be
gas powered, electric, or any other type of motor. It should
be appreciated that, in various embodiments, the motors may
include turbine engines that couple directly to the transmis-
sion 208, via the mput shafts 210, and as a result, a
90-degree gearbox or other gearing system may not be
included. Furthermore, in embodiments, the transmission
208 may include a plurality of yaw control devices for
rotating the UAV 1n yaw about the axis 220, thereby elimi-
nating complex differential collective yaw mechanisms.
However, 1n various embodiments, gearing systems such as
planetary gear sets and the like may be incorporated into the
transmission, or separate from the transmission, to regulate
operation of motor 300. Furthermore, 1t should be appreci-
ated that various sensors may be incorporated to monitor
operations of the motor 300, transmission 208, and the like.
For example, a rotation speed of the motor, vibration, power
level, and the like may be monitored.

In the 1llustrated embodiment, the motors 300 are coupled
to the frame 200 via motor mounts 302. In various embodi-
ments, the motor mounts 302 may turther be coupled to the
load support area 204. However, 1n the illustrated embodi-
ment, the motor mounts 302 are positioned separate from the
load support area 204.

The load support area 204 includes a mounting location
304, which may include an eyelet or the like to receive a
tether 306 coupled to a load 308. As 1llustrated, the mounting
location 304 is centered along the axis 220. However, it
should be appreciated that the mounting location 304 may be
positioned at any location within the load support area 204.
Furthermore, there may be multiple mounting locations 304
distributed along the load support area 204 and/or the frame
202. In operation, forces generated by the load 308 are
directed toward the load support arca 204 and may be
substantially 1solated from the transmission 208 and/or the
motors 300, which may improve reliability and improve
lifting capacity of the UAV 200.

In various embodiments, a load location device 310 1s
arranged proximate the load 308. The load location device
310 may be a transceiver that sends and/or receives signals
indicative of a location of the load 308. The location may be
relative to the frame 202, relative to a starting location, or
relative to a desired ending or transport location. For
example, the load location device 310 may be utilized to
navigate to the desired end location. As a result, operation
may be substantially automated such that the UAV 200 may
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receive the load, take ofl, and follow prompts to transport the
load 308 to an ending location based, at least 1n part, on
signals from the load location device 310.

FIG. 4 15 a top plan view of an embodiment of the UAV
200. As noted above, various features have been omitted for
clarity with the following discussion. As shown, the landing
gear 224 1s arranged radially outward from the frame 202.
Such an arrangement facilitates a sturdy base for the UAV
200 for landing. The 1illustrated landing gear 224 includes
the previously discussed landing supports 226 and feed 230.
As will be described below, 1n various embodiments, the
rotor blades of the UAV 200 may extend radially outward
from the landing gear 224 (e.g., having a larger outer
diameter than the landing gear 224). In the illustrated
embodiment, the load support area 204 1s arranged within
the frame 202 and has a smaller area than the totality of the
frame 202. The load support area 204 1s centered about the
axis 220 and may include the mounting location 304 to
center loads along the UAV 200. It should be appreciated
that multiple mounting locations 304 may be included on the
UAV 200. For example, mounting locations may be arranged
at various point along the load support area 204 and/or the
frame 202. In one example, the UAV 200 may include four
mounting locations 304 that converge to center at the axis
220. Furthermore, 1n embodiments, the load may not center
at the axis 220. While this may produce an uneven load,
operation may be adjusted through various features of the
UAV 200, such as the control system that regulates yaw,
pitch, or roll control of the UAV 200. For example, in
various embodiments, the load may shift during transporta-
tion and the control system may adjust various features of
the UAV 200 to continue operation.

FIG. 5 1s a side elevational view of an embodiment of a
portion of the propulsion system 500 of the UAV 200. The
illustrated portion includes rotors 502, 504 coupled to the
mast 212 at the first section 214 and the second section 216.
It should be appreciated that the propulsion system 500 may
also include the transmission 208, motors 300, and various
other components. As 1llustrated, the rotors 502, 504 are
arranged coaxially along the axis 220. In operation, the
rotors 502, 504 may rotate in opposite directions, enabling,
generation of high amounts of lift while balancing torque
cllects.

It should be appreciated that respective lengths 506, 608
of the rotors 502, 504 may be particularly selected based on
other dimensions of the UAV 200. For example, larger UAV's
200 may utilize larger rotors 502, 504. Furthermore, it
should be appreciated that each rotor 502, 504 may be
formed from a plurality of blades 510, which may also vary
based on intended operating conditions.

It should be appreciated that various components of the
UAV 200 may be constructed from lightweight materials in
order to provide advantageous carrying capabilities. For
example, the lighter the UAV 200 then the greater payload
the UAV 200 may deliver. The UAV 200 may be constructed
from metals, such as aluminum, steels, and the like. Fur-
thermore, the UAV 200 may include plastics or composite
maternals. Additionally, combinations of materials may be
used to form portions of the frame 202, load support area
204, and the like.

In various embodiments, the UAV 200 1s used to transport
items between a first location and a second location. The
items may include containers to provide a uniform size
and/or mounting location for the UAV 200. Furthermore, 1n
embodiments, the UAV 200 may further be utilized to carry
people or animals. For example, the UAV 200 may be
utilized to provide extractions, such as for soldiers or for
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victims of environmental disasters, such as flooding or the
like. Accordingly, the loads described herein may refer to
containers, individual 1items, people, or the like.

FIG. 6 1s a schematic illustration of an environment 600
illustrating operation of the UAV 200 via a load locating
system 602. The illustrated load locating system 602
includes a load positioning controller 604, which may be
positioned on the UAV 200. For example, the UAV 200 may
include a mount for various electronic components, and may
include a power supply, processor, memory, and the like.
The load positioning controller 604 may receive signals
from the load location device 310, which 1s arranged proxi-
mate the load 308, as described above. Furthermore, various
placement location devices 606, 608, 610 are positioned at
different physical locations within the environment 600. In
various embodiments, each of the load location device 310
and placement location devices 606, 608, 610 may include
transceivers that can send and/or receive information, for
example, from the load positioning computer 604. The
information may be transmitted through a variety of wireless
communication protocols, such as cellular signals, near field
communications signals, wireless internet signals, radio
signals, and the like. For example, 1n various embodiments,
cach of the devices 310, 606, 608, 610 may be associated
with a global positioning system (GPS) that provides rela-
tive locations of each of the devices 310, 606, 608, 610 with
respect to one another.

In operation, the load 308 may be intended for the
location associated with the placement location device 606.
As a result, the load location device 310 may be specified,
for example via the load positioning controller 604, for
placement at the placement location device 606. Accord-
ingly, instructions may be provided to the UAV 200, for
example via the load positioning controller 604, to guide the
UAV 200 toward the location associated with placement
location device 606. In this manner, the load 308 may be
transmitted to the desired location and may be guided
toward that location. In various embodiments, the devices
may have power saving features such that signals are only
transmitted at intermittent times or when the load location
device 310 1s within a certain distance. For example, a
course may be charted toward the placement location device
606, but the load location device 310 and/or the placement
location device 606 may remain 1 a low power operating
condition (or ofl) until the load location device 310 1s within
a predetermined distance from the placement location device
606. It should be appreciated that, in various embodiments,
placement location devices 608, 610 may serve as beacons
along the route to the placement location device 606 to
provide miformation regarding the charted course for the
UAV 200.

It should be appreciated that, 1n various embodiments,
different modes of operation may be utilized with the load
positioning controller 604. For example, a human operation
may struct the UAV 200 of the desired placement location
device 606. The UAV 200 may enter an autonomous mode
until the UAV 200 1s within a distance of the placement
location device 606. At that point, a second human operator
may regain control of the UAV 200 to guide the UAV 200
to land at a desired location. It should be appreciated that, in
other embodiments, the UAV 200 may be fully human
operated or fully autonomous.

FIG. 7 1s an example environment 700 where for embodi-
ments of the present disclosure. In the illustrated embodi-
ment, a UAV environment 702 includes a load positioning
controller 704, which may be similar to the load positioning
controller of 604. The load positioning controller 704 may
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determine a location of a load, for example via a load
location device 706. In various embodiments, the position of
the load may be with respect to the UAV, a starting location,
an ending location, a mid-point beacon, or a combination
thereof. In various embodiments, the load location device
706 15 positioned proximate a load being transmitted by the
UAV 200 and may communicate with the load positionming,
controller 704 via a wireless communication protocol. The
UAV environment 702 further includes a guidance system
708, which may be used to navigate the UAV to a desired
location. For example, the guidance system 708 may receive
information from the data store 710 to navigate or otherwise
control the UAV. The data store 710 may include informa-
tion such as operating conditions of the engine, operating
conditions of the transmission, altitude, wind speed, weather
reports, regulations limiting operation of the UAV, or the
like. Furthermore, in various embodiments, the data store
710 may include information to geofence the UAV within a
predetermined boundary. It should be appreciated that this
information may be obtained from a variety of sensors
arranged along the UAYV, which have not been included for
simplicity. The UAV environment 700 further includes an
interface 712 for commumnicating, via a network 714, with a
control center 716. The control center 716, for example, may
provide instructions to the UAV. In various embodiments,
different control centers 716 may be arranged at a starting
location and an ending location for the UAV. Furthermore,
control centers 716 may be arranged along the path of the
UAV. For example, 1n various embodiments the UAV may
operate beyond visual line of sight (BVLS). As a result,
control centers 716 may be arranged along the path or at a
third location that 1s communicatively coupled to the UAYV,
but 1s also different than the starting location and/or the
ending location. For example, the control center 716 may be
a central command that transmits instructions to various
UAVs. In one non-limiting example, coastal operations may
utilize UAVs stationed at various locations but that are
controlled from a central command that 1s distance from the
stationed locations of the UAVs.

The illustrated control center 716 1ncludes a navigation
system 718, which may be used to plot a course for the UAV.
In various embodiments, tlight paths may be restricted, for
example, by government entities, and as a result, the navi-
gation system 718 may be used to determine an appropriate
tlight path for the UAV. The flight path may be transmaitted
to the UAV and may, 1 various embodiments, be updated
during the tlight to accommodate for emergency situations,
weather, and the like. The control center 716 further includes
an 1nstruction module 720. The instruction module 720 may
be used to transmuit particular instructions to the UAV, which
may be different for various diflerent clients or loads. For
example, a rules data store 722 may include different rules
and regulations for various situations. By way of example
only, the rules data store 722 may have altitude restrictions,
weilght restrictions for certain distances, and the like. As a
result, flights may be planned that comply with various
regulations.

The 1llustrated embodiment further includes a manual
override 724, which may be used to take control of the UAV,
for example for take ofls, landings, emergency maneuvers,
and the like. Furthermore, a shipment data store 726 may
track different shipments to different customers, and may, in
vartous embodiments, store different placement location
devices 728 associated with particular customers and/or
shipping locations. In embodiments, the placement location
devices 728 may transmit signals to either the control
centers 716 or the UAV environment 702, via the network
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714, to facilitate placement of the loads associated with
various UAVs. Furthermore, 1n embodiments, a user device
730 may be used to transmit instructions to the UAV
environment 702 and/or the control centers 716. For
example, the user device 730 may be a controller to utilize
the manual override of the UAV. Additionally, the UAV may
track inventory or the like at a desired location to designate
where to place the load. As noted above with respect to the
interface 712, communication with the control center 716
may be conducted through the interface 732.

It should be appreciated that, while various modules of the
present embodiment have been 1llustrated as separate, that in
other embodiments they may be incorporated into one
another and one module may perform additional tasks.
Furthermore, additional features may also be included
within the various environments, such as power systems and
the like. Furthermore, the data stores may not be stored
locally and may be remotely accessible, for example, via a
cloud system.

Furthermore, while embodiments of the present disclo-
sure may describe multiple systems, 1t should be appreciated
various components and/or modules may be removed in
certain embodiments. For example, 1n an embodiment, the
UAYV may operate independent of a load positioning system.
That 1s, the UAV may utilize a GPS and flight software to
transport an object (or the UAV along) to a set of received
coordinates. Accordingly, 1n various embodiments, the UAV
may utilize more or fewer components. In embodiments,
fewer components may reduce the costs associated with the
UAYV, which may be desirable to some consumers or in
certain operations.

FIG. 8 1s a schematic representation ol an environment
800 where embodiments of the present disclosure may be
utilized to form a staging area 802. In various embodiments,
the staging area 802 may be utilized to replace one or more
traditional facilities, which may be useful but cost prohibi-
tive or otherwise diflicult to construct. For example, 1t may
be challenging to build new harbors, due to the depth
requirements and infrastructure investments. However,
many locations may have other appropriate infrastructure,
such as highways and rail lines, as well as skilled labor
forces, and may also be arranged close by to areas that could
benefit from materials that are shipped, such as rural farming
areas or industrial areas, such as o1l and gas exploration
operations. Moreover, military operations may benefit from
being able to transport supplies to personnel arranged at
beach locations, which may provide a strategic advantage,
but where forming a port or other supply line may be
dangerous or otherwise difhicult. Furthermore, providing
staging areas may be advantageous for environmental disas-
ters, which may be diflicult to reach due to damage to
infrastructure, such as flooded roads or the like.

The 1llustrated embodiment includes the staging area 802
having a first location 804 and a second location 806. The
first location 804 includes rows of storage containers 808,
but 1t should be appreciated that other items may also be
staged at the location, such as equipment, vehicles, or the
like. In various embodiments, the containers 808 may be
stacked or otherwise organized at the first location 804.
Furthermore, any number of containers 808 may be included
and the number of containers 808 1n the embodiment of FIG.
8 1s for 1llustrative purposes only. In the 1llustrated embodi-
ment, the first and second locations 804, 806 are close by to
other infrastructure, including roads for trucks 810 and rail
line for trains 812. A ship 814 1s arranged a distance 816
from the staging area 802. The ship 814 may not be able to
dock at the staging area 802, for a variety of reasons, but the
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ship 814 may include supplies that may be advantageous to
position at the staging area 802. Accordingly, embodiments
of the present location may utilize a UAV 818 to transport
the containers 808 from the ship 814 to the staging arca 802.

In the 1llustrated embodiment, the UAV 818 receives the
container 808 from the ship 814 and 1s directed toward the
placement location device 820 within the first location 804.
As described above, 1n various embodiments, operation may
be autonomous, manually controlled, or semi-autonomous.
For example, the UAV 818 may receive the container 808
and the location associated with the placement location
device 820 may be uploaded to the UAV 818. The UAV 818

may then navigate to the location associated with the place-
ment location device 820 to deposit the container 808.
Accordingly, the staging arca 802 may be established to
serve as a harbor, without the infrastructure associated with
the harbor, such as docks and the like. In this manner,

virtually any location may be utilized as a staging arca 802

to establish shipping and receiving operations.

FI1G. 9 1s a tlow chart of an embodiment of a method 900
for transporting an 1tem via a UAV. It should be appreciated
that the method may include more or additional steps.
Furthermore, the steps or the method may be performed 1n
parallel or 1n a different order, unless explicitly stated
otherwise. The example includes forming a frame of the
UAV 902. For example, the frame may be formed from a
lightweight material, with suflicient strength capacity, to
support various components of the propulsion system. In
embodiments, at least a portion of the frame 1s reinforced or
structurally strengthened, as described above 904. For
example, the portion of the frame may receirve additional
gussets or strengthening materials. Furthermore, the portion
of the frame that 1s reinforced may be formed from a
different material than the rest of the frame. The propulsion
system 1s mounted to the frame 906. For example, various
mounts and the like may be utilized to secure the propulsion
system to the frame to facilitate movement of the UAV.
Then, the load 1s secured to the load support area of the
frame 908. For example, the load support area may include
a mounting location for receiving the load. Advantageously,
securing the load to the load support area instead of the
transmission or portion of the propulsion system may pro-
vide improved reliability of the propulsion system.

FIG. 10 1s a flow chart of an embodiment of a method
1000 for transporting a load from a first location to a second
location. The example includes activating a load location
device 1002. In various embodiments, the load location
device determines a relative position of the load, for
example relative to a desired location, a starting location, a
frame of the UAV, or the like. The desired location for the
load 1s determined 1004. The desired location may be
predetermined, for example, based on a customer order or
the like. The UAV 1s then navigated to the desired location
1006. For example, tlight paths may be determined for the
UAV to approximate the desired location. A position of a
placement location device 1s determined 1008. For example,
as the UAV 1s within a threshold distance of the placement
location device, the placement location device may transmuit
a signal to the UAV. The load 1s then aligned with an area
associated with the placement location device 1010. For
example, the placement location device may be associated
with a particular area or region. The load is then positioned
at the desired location 1012. For example, the load may be
positioned on the ground and decoupled from the UAV. In
this manner, the load may be guided toward a desired
location from a starting position.

10

15

20

25

30

35

40

45

50

55

60

65

12

The foregoing disclosure and description of the disclosed
embodiments 1s 1llustrative and explanatory of the embodi-
ments of the invention. Various changes 1n the details of the
illustrated embodiments can be made within the scope of the
appended claims without departing from the true spirit of the
disclosure. The embodiments of the present disclosure
should only be limited by the following claims and their
legal equivalents.

The mvention claimed 1s:

1. An unmanned aerial vehicle (UAV) for transporting
items between locations, comprising:

a frame having a planar top surface, a planar bottom

surface, and a constant thickness:

a propulsion system coupled to the frame, the propulsion
system including at least one transmission and at least
one motor, the at least one motor being horizontally
mounted such that an input shait of the at least one
motor 1s coupled to the at least one transmission such
that the input shaft 1s perpendicular to a mast coupled
to the at least one transmission; and

a load support area integrally formed within and planar to
the planar top surface and the planar bottom surface of
the frame at a fixed axial position relative to the
propulsion system, the load support area comprising at
least one of a different material than the frame or
structural supports with improved structural strength or
rigidity than the frame, the load support area centered
along an axis of the propulsion system, and the load
support area directing a load, from the items, away
from at least one of the at least one transmission and the
at least one motor.

2. The UAV of claim 1, further comprising:

a mounting location located in the load support area, the
mounting location for receiving a load transported by
the UAV, wherein a force from the load is directed
toward the load support area.

3. The UAV of claim 2, further comprising;:

a second mounting location located 1n the load support
area, wherein at least the second mounting location 1s
not centered along the axis of the propulsion system.

4. The UAV of claim 1, further comprising:

a load location device communicatively coupled to a load
positioning controller of the UAV, the load location
device determining a relative location of the load
coupled to the UAYV, the relative location including, at
least 1n part, a vertical offset between the items and a
placement location; and

landing gear coupled to and extending outward from the
frame.

5. The UAV of claim 1, wherein the propulsion system

turther comprises:

a first rotor, coupled to the mast, the first rotor receiving,
motive power from the at least one motor, the first rotor
rotating 1n a first direction about an axis; and

a second rotor, coupled to the mast, the second rotor
receiving motive power from the at least one motor, the
second rotor rotating 1 a second direction about the
axis, opposite the first direction;

wherein the at least one motor comprises at least one of
a gas turbine engine, an electric motor, a gas-powered
motor, or a combination thereof.

6. The UAV of claim 1, further comprising:

a transmission mount; and

a motor mount,

wherein the transmission mount 1s secured to the load
support area and the motor mount i1s secured to the
frame outside of the load support area, and wherein the




US 11,649,049 B2

13

UAYV 1s operable 1n a manual operation mode, a semi-
autonomous mode, or an autonomous mode.

7. The UAV of claim 1, further comprising:

a transmission mount securing the at least one transmis-
sion to the frame; and

a motor mount securing the at least one motor to the
frame;

wherein the transmission mount and the motor mount are

secured to the frame outside of an area defined by the
load support area.

8. A system for transporting an 1tem from a first location
to a second location, comprising: an unmanned aerial
vehicle (UAV), comprising: a frame; a propulsion system
coupled to the frame, the propulsion system positioned on a
top surface of the frame and at least one motor of the
propulsion system being mounted horizontally outward
from at least one transmission of the propulsion system such
respective axes of the at least one transmission and the at
least one motor are oflset; and a load support area integrally
formed within and planar to the top surface and a bottom
surface of the frame at a fixed axial position relative to the
propulsion system, the load support area comprising at least
one of a different material with improved structural strength
of ngidity than the frame or structural supports, the load
support area centered along an axis of the propulsion sys-
tem; a load coupled to the load support area, a force from the
load directed away from one or more components of the
propulsion system; and a load positioning system, compris-
ing: a load positioning controller, associated with the UAV,
the load positioming controller determining a relative posi-
tion of the load with respect to at least one of the UAYV, the
first location, or the second location; a load location device,
arranged proximate the load, the load location device trans-
mitting a signal to the load positioning controller indicative
ol a load location; and a placement location device, arranged
at the second location, the placement location device trans-
mitting a signal to the load positioning controller indicative
of the second location relative to the UAV.

9. The system of claim 8, wherein the placement location
device transmits the signal to the load positioning controller
when the UAV 1s within a predetermined distance of the
placement location device.

10. The system of claim 8, wherein at least one of the load
location device, placement location device, or load position-
ing controller communicate via a wireless data transmission
protocol.

11. The system of claim 8, further comprising:

a control center arranged at at least one of the first
location, the second location, or a third location differ-
ent from the first location and the second location, the
control center transmitting instructions to the UAV.

12. The system of claim 11, wherein the instructions
include at least one of a flight route, coordinates of the
second location, a manual override command, or operational
guidelines.
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13. The system of claim 8, wherein the first location 1s
land based and the second location 1s water based.

14. The system of claim 8, wherein the UAV 1s operable

in a manual operation mode, a semi-autonomous mode, or
an autonomous mode.

15. The system of claim 8, further comprising:
a mounting location located in the load support area, the
mounting location for receiving the load transported by

the UAV; and

landing gear coupled to the frame, the landing gear
including landing supports that extend at an angle from
the frame such that feet of the landing gear are arranged
radially outside of the frame.

16. The system of claim 8, wherein the propulsion system

COmprises:

at least one of a gas turbine engine, an electric motor, a
gas-powered motor, or a combination thereof;

a first set of rotor blades, coupled to a mast, the first set
of rotor blades rotating 1n a first direction about an axis;
and

a second set of rotor blades, coupled to the mast, the
second set of rotor blades rotating in a second direction
about the axis, opposite the first direction.

17. A method for transporting an item between a first
location and a second location, comprising: securing the
item to a load support area of an unmanned aerial vehicle
(UAV), the load support area integrally formed within and
planar to a top surface and a bottom surface of a frame of the
UAYV, the load support area centered along an axis of a
propulsion system of the UAV positioned on the top surface
of the frame, the propulsion system including at least one
motor and at least one transmission such that the at least one
motor 1s mounted horizontally outward from the transmis-
s10n, the at least one motor having a shait 1n a perpendicular
configuration with respect to a mast of the at least one
transmission, and arranged at a fixed axial position relative
to the propulsion system, and a force of the load 1s directed
away Irom one or more components ol the propulsion
system via the load support area; activating a load location
device, arranged proximate the item; causing the UAV to
move to the second location; receiving a signal, from a
placement location device, indicative of the second location;

and positioning the item at the second location.

18. The method of claim 17, further comprising:

recerving a second signal, from a second placement
location device, at an intermediate location between the
first location and the second location.

19. The method of claim 17, further comprising:

receiving a second signal, from a control center at the
second location, to switch to a manual operation mode.

20. The method of claim 17, wherein the first location 1s
land based and the second location 1s water based.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

